Abstract: ET (Evapotranspiration) is one of the climate elements, which plays an important role in water balance, and effects on the ecosystem of any region. Therefore, many mathematical equations and algorithms have been found and designed to calculate and estimate values of evapotranspiration. Calculation methods are either based on data from meteorological stations or using other sources of data where the area is lacking from meteorological stations. Remote sensing data are one of the important sources and techniques to estimate many climate elements including evapotranspiration. The selected study area is located in Tatra Mountains on the borders between Poland and Slovakia. Tatra Mountains are the most valuable areas in Poland and Slovakia. The main objective of current study is to estimate the spatial variation of ET using SEBAL algorithm and Landsat-8 imagery. The analysis is carried out using Landsat-8 (OLI/TIRS) data, ASTER GDEM and reference weather parameters. Sixteen ERDAS models are prepared to calculate the various parameters related to solar radiation. The models are prepared to calculate the values of surface radiance surface reflectance, surface albedo, NDVI, LAI, surface emissivity, surface temperature, net radiation, soil heat flux, sensible heat flux, latent heat flux, which are consequently used to calculate the hourly and daily evapotranspiration in study area. Results of pixel wise calculations show the values of surface temperature which are varied from 6. 
Introduction


With growing attention to climate elements and climatic changes and their effects on the environment and ecological systems, the interesting of evapotranspiration estimation is increased as well, especially with the emergence of various measuring techniques for assessment of climate elements. Recently, the remote sensing becomes one of the valuable data sources and analysis technique for implementing such studies. Accurate estimation of waves and droughts.
Nowadays, many researches have been conducted to gather spatially distributed ET over large scales by using surface energy balance and remote sensing data. These techniques provide spatial information from the earth's surface by measuring reflected and emitted electromagnetic radiation. The measurements of thermal infrared, infrared and visible bands of remote sensing data are the inputs for the parameterization of the energy balance components in the calculation of ET [5] . The SEBAL (Surface Energy Balance Algorithm for Land) is used for estimating various land surface parameters i.e., surface albedo, surface temperature, and energy balance parameters, from different spatial, spectral and radiometric resolutions of satellite data. Consequently, the consistency of ET estimation from different satellites by SEBAL needs to be certified [6] . Venturini et al. [7] and Courault et al. [8] categorized the methods used in surface flux i.e., empirical direct methods where remote sensing data are introduced directly in semi-empirical models to estimate ET, residual methods of the energy budget combining some empirical relationships and physical models. Most current operational models such as (SEBAL, and deterministic methods generally are based on more complex models such as SVAT (Soil-Vegetation-Atmosphere Transfer) models), which calculate the different components of the energy budget. Many methods and models are designed for estimating the evapotranspiration using remote sensing data. SEBAL is an ET estimation approach based on satellite images via computing a land surface energy balance. The model is developed by Bastiaanssen et al. [9] and has been validated at many locations around the world [10] . The model represents the most promising algorithm that needed minimum input data of ground based variables and it has been widely applied abroad the world accurately to estimate actual ET [1] . The surface energy balance provides through latent heat flux a direct assessment of actual ET [11] . SEBAL method uses multispectral remote sensing data associated with complementary meteorological data to estimate instantaneous surface energy balance components [12] . The overall accuracy of ET from SEBAL is around +/−15%. Accuracy can be improved by space and time integration, while the seasonal differences ranged from 1% to 5% due to a reduction in the random error component [11] . Bastiaanssen et al. [11] proved the importance of SEBAL method in establishing a variety of measurements and assessments, including land use and water use for river basin planning, impact of water conservation, environmental impact assessment, hydrological modeling and more other application.
In Tatra Mountains region, the reliance on meteorological stations in collecting of evapotranspiration reading is impossible, because no local weather stations measure evapotranspiration, so the remote sensing data will be the most quick and trusted source to estimate evapotranspiration. The main objective of current study is to use Landsat-8 data and SEBAL method for estimating the distribution of evapotranspiration pattern in study area based on building several analysis models using ERDAS imagine software. 
Scope of Study Area
Method of Analysis
Spatial variation of ET depends on land use/land cover in any area. To estimate ET values several solar radiation parameters need to be calculated. The main source of data is represented by Landsat-8 data OLI/TIRS with Path 188/Row 26, acquired on 08-SEP-2013, and one arc-second resolution ASTER GDEM with some reference weather parameters nearby the area are used. Land use/land cover classes in study area are classified using SAM (spectral angle mapper) classification method with spectral angle of 0.3 using ENVI v.5.3 software.
To calculate the ET using SEBAL method, the required mathematical equations for building the algorithms of processing and analysis models are collected. Sixteen spatial analysis models are prepared using ERDAS imagine software i.e. atmospheric correction models for calculating the reflectance, surface albedo, emissivity, surface temperature, and elements of solar radiations balance, including net radiations, soil heat flux, sensible heat flux, latent heat flux, and finally calculating the instantaneous and daily evapotranspiration values.
Atmospheric Correction of Landsat-8 Data
Atmospheric correction for solar radiations is important in remote sensing analysis; its necessity depends on the objectives of the analysis. In general, land cover identification exercises that are based on single-date images do not require atmospheric correction, as pixels are being compared with other pixels within an image in terms of similarity [18] .
Estimation of the ground target reflectance starts with converting the pixel value to radiance [18] . Accordingly, Landsat-8 OLI/TIRS bands data can be converted to TOA spectral radiance using the radiance rescaling factors provided in the metadata of images [19] : Lλ = ML*Qcal + AL (1) Where Lλ = TOA spectral radiance (Watts/(m2*srad*μm)); ML= Band-specific multiplicative rescaling factor from the metadata (RADIANCE_MULT_BAND_x, where x is the band number); AL= Band-specific additive rescaling factor from the metadata (RADIANCE_ADD_BAND_x; x is the band number); Qcal = Quantized and calibrated standard product pixel values (DN).
To compute the top of planetary reflectance based on spectral radiance at the sensor aperture is by following the equations given by Refs. [20, 21] : (2) TOA planetary reflectance Where ESUN λ= Exoatmospheric spectral solar irradiance on a surface perpendicular to the sun's ray (Wxm¯²xμm¯¹) as given by Ref. [19] (Table 1) . Cosθ = solar zenith = (90-solar elevation) θ Is in decimal degree need to be converted into radians as follows:
Calculation of Surface Albedo
According to the equations mentioned in Refs. [21, 23, 24] , the values of albedo for the top of atmosphere are calculated as:
Where ω λ = constant value of weighting coefficient. Where z is an elevation of area where is defined by ASTER GDEM Data.
Calculation of Emissivity and Land Surface Temperature
To calculate the surface temperature, first the black body temperature at satellite must be calculated [20, 27] :
Where T b is black body temperature at satellite in Kelvins, K 1 
To compute the land surface temperature, the black body temperature is corrected with respect to the surface emissivity ) (  values. The surface emissivity is a factor that describes the efficiency of an object radiates energy in comparing with black body [28] . The values of emissivity are estimated from NDVI and LAI as follows:
Where NDVI > 0, otherwise, emissivity is assumed to be zero (e.g. water) [21, 26] .
For LAI < 3.0, ε = 0.98 when LAI ≥ 3; For water, NDVI < 0 and surface albedo < 0.47, ε = 0.985, for snow, NDVI < 0 and surface albedo ≥ 0.47, ε = 0.985 [25] .
NDVI (Normalized Difference Vegetation Index), and LAI (Leaf Area Index), are calculated by visible and near infrared bands [25, 28] .
For Landsat-8,
To calculate the values of LAI, and SAVI (soil adjusted vegetation index) need to be calculated first.
Where L is a constant, which depends on the area properties, 5 . 0  L is used, then the LAI is calculated from the empirical equation [25] :
Where a0, a1, a2 are 0.84, 0.65 and 0.6 respectively (these values are used to be compatible with study area conditions), then the corrected land surface temperature ( s T ) is calculated [27] :
Where  is the average of limiting wavelengths of band 10 of Landsat8-TIRS ( 
Calculation of Solar Radiations Elements and ET
Estimation of ET by SEBAL is a model to calculate ET from the remote sensing images. It depends on the thermo-dynamic equilibrium between turbulent transport process in the atmosphere and laminar process in the sub surface. This process called the land surface energy balance [9] , also Ref. [5] refers to the energy exchange which governs the ET process at the vegetation surface can be expressed mathematically as:  is the latent heat flux (λ is the latent heat of vaporization, and ET is evapotranspiration), which represents the heat loss from the surface due to ET and calculated as a "residual" of surface energy balance [9, 29] .
Net radiation is the actual radiant energy available at the surface. It is computed by subtracting all outgoing radiant fluxes from all incoming radiant fluxes [25, 30] :
Where R S ↓ incoming shortwave radiation (Watt/m 2 ),  is the broadband surface albedo (dimensionless), RL↓ is the incoming longwave radiation (Watt/m 2 ), RL↑ is the outgoing longwave radiation (Watt/m 2 ) and  is the surface emissivity (dimensionless).
The incoming shortwave radiation    s R is computed from the available climatic parameters such as sunshine hours, relative humidity, maximum and minimum temperature cloud cover and geographic location [25, 31] . To compute the incoming longwave radiation (  RL ), the hot and cold pixels must be selected as anchor pixels. Cold pixel is selected from the area of High density of vegetation cover with LAI > 3 from irrigated crops, at which the surface temperature and near surface air temperature are assumed to be similar. H = Rn-G-1.05*ETr (24) Where, ETr is the rate of ET from reference. The hot pixel is located at bare soil or rock outcrop with LAI ranged between 0 and 0.4.
H=Rn-G-ET bare soil [10, 25] . The parameters for hot and cold pixels are calculated as procedure mentioned in Ref. Waters et al. [25] .
The surface temperature of cold pixel is used as near surface air temperature (T a ) to calculate the incoming longwave radiation (  RL ) using the following equation:
Where T a =T s for selected cold pixel in K, a  is air emissivity computed from the following empirical equation given by Waters et al. [25] and Opoku-Duah et al. [26] . Soil heat flux is the rate of heat storage in the soil as a result of the temperature gradient between the soil surface and the underlying top most soil layers [10, 25, 26] .
(27) First the ratio of G/R n is computed and checked for the condition of NDVI < 0; then the ratio of G/R n will be assigned equal to 0.5. The result image will be converted to soil heat flux (G) in W/m 2 by multiplying the ratio G/R n by R n by using ERDAS modeler [25] . Sensible Heat Flux (H) is the rate of heat loss to the air by convection and conduction, due to temperature gradients [32, 33] .
Where H is sensible heat flux,  is air density (kg/m3), C p is air specific heat (1,004 J/kg/K), dT is near surface temperature differences in K, and r ah is aerodynamic resistance to heat transport (m/s). To get the stability in r ah value, the two anchors "hot" and "cold" pixels are used at two heights z 1 and z 2 , to facilitate the computation of near surface temperature differences. Near surface temperature difference is calculated from the linear relationship between dt and T s [10, 25] .
dt =aT s + b, where a and b are the correlation coefficients which are calculated iteratively from the data of hot and cold anchor pixels using xls-spreadsheet prepared for that purpose.
The aerodynamic resistance to heat flux r ah is computed for neutral stability as: 
Where u x is the wind speed (m/s) at height z x [33] . The momentum roughness length for each pixel is calculated as a function of LAI [25] :
. 0 (31) The atmospheric conditions of stability have a large 
 and C p , T s , k and H are defined previously, g is the gravitational constant (9.81 m/s 2 ).
The stability correlations for momentum and heat transport (and h  ) are computed iteratively depending on the atmospheric conditions by using xls-spread sheet designed based on equations mentioned by Waters et al. [25] . The values of cold and hot pixels are adjusted to their elevations and calculated iteratively and then the last iteration values of a, b and r ah are used in computing the sensible heat flux (H).
Latent heat flux is the rate of latent heat loss from the surface due to evapotranspiration [25] .
Where  is the latent heat of vaporization in J/kg. 002361
Where, T a is the mean air temperature (K). Then the reference ET fraction (ETrF) computed as follows:
Where, ETr is the reference ET at the time of the image.
Daily values of ET 24 are computed by assuming that, the computed instantaneous ETrF is the same as the 24-hour average. Therefore, the ET 24 (mm/day) can be computed as:
Where, ET r-24 is the cumulative 24-hour ETr for the day of the image [25] . 
Building of Spatial Modeling
To achieve the requirements of SEBAL method for estimating the evapotranspiration on pixel wise, all the mathematical equations are used in building the algorithms of sixteen analysis models. The models are prepared by using ERDAS 2014 software (Fig. 2). 
Results and Discussion
To outline pattern and behaviour of and surface landsurface interaction with solar radiation elements, land use/land cover classification is carried out. The classification results of land use/land cover in the Tatra mountain region show seven classes (Fig. 3) . The majority of the land cover which is controlling the solar radiation and ET regime is represented by coniferous forests with coverage of 51.6% of the total area, followed by grasslands with fields of vegetation covers about 34.9%, then the rock outcrops with 8.0%, and the remains with 5.5% including built up mixed with rocky area, hill shadows and water bodies.
Moreover, the analysis results (maps, statistics and graphs) show the spatial variation of solar radiation elements (Fig. 4) and evaptranspiration of pixel wise (Fig. 5) . To define the distribution and dispersion amounts in solar radiations, ET and the causes of the variations, measuring of descriptive statistic parameters are carried out as shown in Tables 2 and 3 and 
Conclusions
Estimated Land cover class ID. 
